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MEMORANDUM FOR FILE 

DATE: September  30 ,  1968 

FROM: J.  W .  Powers 

Ground assembly of t h e  M u l t i p l e  Docking Adapter  ( M D A ) ,  
A i r l o c k  Module ( A M ) ,  and O r b i t a l  Workshop ( O W S )  b r i n g s  t o g e t h e r  
these  ma jo r  O r b i t a l  Assembly components f o r  t h e  AAP-2 m i s s i o n .  
The MDA i s  a t r a n s i t i o n a l  i n t e r c o n n e c t i n g  s t r u c t u r e  permanent ly  
a t t a c h e d  to t h e  AM a t  one end and p r o v i d i n g  dock ing  i n t e r f a c e s  
f o r  t h e  CM-SM and LM-ATM a t  t h e  o t h e r  end.  S t o r a g e  area f o r  
expe r imen t s  and equipment du r ing  t h e  launch  phase  i s  p r o v i d e d .  
C e r t a i n  expe r imen t s  w i l l  be  conducted i n  t h e  M D A .  The env i ron -  
m e n t a l  c g n t r s l  s y s t e m  (EcS) of t h e  AM and t h e r m a l  c o n t r o l  s y s t e m s  
of t h e  l i s t e d  o r b i t a l  a s s e m b l y  components a r e  i n t e g r a t e d  th rough  
open h a t c h e s ,  a s y s t e m  of  d u c t s  and f a n s ,  and a common a tmosphere .  
Thermal. c o n t r o l  of  t h e  o r b i t a l  assembly i s  p r i m a r i l y  p a s s i v e  w i t h  
a c t i v e  augmenta t ion  b y  t h e  AM ECS, f a n s ,  and h e a t e r s .  

MDA THERMAL CONTROL REQUIREMENTS 

1. 

2 .  

3. 

Thermal d e s i g n  r equ i r emen t s  f o r  t h e  MDA are:  

Cold c o n d i t i o n s  

. Maximum p a s s i v e  heat l o s s ,  2 4 3  B tu /h r .  (71 w )  . Minimum i n t e r n a l  wal l  t empera tu re ,  50°F . Average wal l  t e m p e r a t u r e ,  2 60'F 

Hot c o n d i t i o n s  

. . Maximum i n t e r n a l  w a l l  t e m p e r a t u r e ,  90  F 

C r e w  a tmosphere comfort  c r i t e r i a  

. C i r c u l a t i o n  v e l o c i t y ,  2 15  f t /min .  and 5 1 0 0  f t / m i n .  

Maximum i n t e r n a l  hea t  g e n e r a t i o n ,  125g Btu /hr .*  (366 w) 

Maximum i n t e r n a l  w a l l  temperature i s  based upon a s t r o n a u t  t ouch  
l i m i t s ,  and t h e  minimum i n t e r n a l  w a l l  t e m p e r a t u r e  i s  based upon 
m o i s t u r e  condensa t ion  c o n s i d e r a t i o n s .  

* 
C r e w  m e t a b o l i c  heat r a t e s  n o t  i n c l u d e d .  
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MDA THERMAL CONTROL 

MDA i n t e r n a l  thermal c o n t r o l  i s  a c h i e v e d  u s i n g  the  
common a tmosphere  as t h e  primary hea t  t r a n s f e r  medium. The 
p a s s i v e  thermal  c o n t r o l  sys t em i n s u l a t e s  t h e  MDA volume to 
m a i n t a i n  a minimum tempera tu re  d u r i n g  t h e  power-down phase  
with minimum hea ter  augmenta t ion .  During t h e  power-up phase 
a c t i v e  t h e r m a l  c o n t r o l  d i s s i p a t e s  t h e  a d d i t i o n a l  hea t  l o a d .  

The combined thermal  c o n t r o l  sys tems and t h e  AM ECS 
per form t h e  f o l l o w i n g  f u n c t i o n s  to a c h i e v e  the  r e q u i s i t e  " s h i r t -  
s l e e v e "  envi ronment  for t h e  o r b i t a l  assembly:  Maintenance o f  a 
c o m f o r t a b l e  i n t e r n a l  temperature ,  p r e v e n t i o n  of l a rge  amounts o f  
water vapor  condensa t ion ,  ma.intenance o f  i n t e r n a l  a tmosphere  
v e l o c i t y  r e l a t i v e  t o  crew comfor t ,  and p u r i f i c a t i o n  and dehumi- 
d i f i c a t i o n  o f  t h e  i n t e r n a l  a tmosphere.  A s i n g l e  02-N2 a tmosphere  
( 3 . 7  p s i a  0 2  p a r t i a l  p r e s s u r e  and 5.0 p s i a  t o t a l  p r e s s u r e )  i s  
cornton to t h e  MDA-AM-OWS p l u s  any docked modules.  The a tmosphere  
i s  s u p p l i e d  a f t e r  docking from gases s t o r e d  i n  t h e  S e r v i c e  Mcd1~I.e. 
Af te r  docking of' the  CIVI-SM and p r e s s u r i z a t i o n  of  t h e  MDA-AM-OWS, 
commonality o f  t h e  o r b i t a l  assembly atmosphere i s  m a i n t a i n e d  th rough  
open docking  ports and a system of f a n s  and d u c t s .  Opera t ion  o f  
t h e  ECS on these docked modules t h u s  c o n t r i b u t e s  t o  o v e r a l l  t h e r m a l  
c o n t r o l .  The AM ECS l o c a t e d  i n  t h e  s t r u c t u r a l  t r a n s i t i o n  s e c t i o n  
(STS) per forms t h e  C02 removal ,  h u m i d i t y  c o n t r o l ,  and p a r t i c u l a t e  
matter and odor  removal  f u n c t i o n s  f o r  t h e  common a tmosphere .  

I n c i d e n t  e x t e r n a l  thermal  l o a d s  a r e  pr imary  f u n c t i o n s  
of  t he  v e h i c l e  geometry,  o r b i t a l  p a r a m e t e r s ,  v e h i c l e  o r i e n t a t i o n  
r e l a t i v e  t o  e a r t h , o r i e n t a t i o n  of e a r th  r e l a t i v e  to s u n ,  and 
v e h i c l e  c o a t i n g s  p r o p e r t i e s .  I n t e r n a l  hea t  l i b e r a t i o n  i s  caused  
by t h e  a s t r o n a u t s  ' m e t a b o l i c  r a t e s ,  f a n s ,  hea te rs ,  l i g h t s ,  
equipment and exper iment  o u t p u t s .  Excess ive  s e n s i b l e  and l a t e n t  
heat r e s u l t i n g  from t h e  e x t e r n a l  and i n t e r n a l  l o a d s a r e  removed 
from t h e  atmosphere by the  t h r e e  cab in  hea t  exchangers  and t h e  
two condens ing  hea t  exchange r s  l o c a t e d  i n  t h e  STS. The MDA 
thermal c o n t r o l  s y s t e m  components a re  r a d i a t o r s ,  c o o l a n t  l i n e s ,  
d u c t s ,  f a n s ,  hea t e r s ,  i n s u l a t i o n ,  and thermal  c o a t i n g s .  Major 
MDA thermal  s y s t e m  components a r e  d i s c u s s e d  below. 
shows t h e  e x t e r n a l  MDA c o n f i g u r a t i o n ,  and F i g u r e  I1 i s  a s c h e m a t i c  
of the MDA thermal  c o n t r o l  sys t em.  

F i g u r e  I 

PRESSURE SHELL STRUCTURE 

The c y l i n d r i c a l  p r e s s u r e  s h e l l  s t r u c t u r e  of t h e  MDA i s  
f a b r i c a t e d  from 2219 aluminum a l l o y  w i t h  a b a s i c  t h i c k n e s s  o f  
0 .076  i n .  E i g h t  equa l ly - spaced  chemica l ly  m i l l e d  l o c a l  e x t e r n a l  
l o n g i t u d i n a l  l a n d s  0 . 2 5  i n .  t h i c k  p r o v i d e  areas for e x t e r i o r  
s t r u c t u r a l  a t t achmen t  of b o t h  the  r a d i a t o r  and me teo ro id  s h i e l d .  
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The MDA's p r e s s u r e  v e s s e l  o u t e r  s u r f a c e s  are cove red  
w i t h  a h igh-per formance ,  m u l t i - l a m i n a r ,  i n s u l a t i o n  b l a n k e t  
approx ima te ly  one i n c h  t h i c k .  T h i s  b l a n k e t ,  which a l s o  p r o v i d e s  
some m e t e o r o i d  p r o t e c t i o n ,  c o n s i s t s  of 27 l a y e r s  o f  doub le  alumin- 
i z e d  m y l a r  f i l m  0 . 0 0 3  i n .  t h i c k .  I n d i v i d u a l  f i l m  l ayers  w i t h i n  
t h e  b l a n k e t  are s e p a r a t e d  w i t h  0.020 i n .  t h i c k  p o l y u r e t h a n e  foam 
s p a c e r  s h e e t s  s l i g h t l y  l a r g e r  i n  area t h a n  t h e  m y l a r .  Ou te r  f a c i n g s  
of t h e  b l a n k e t  are  t h i n  porous  f iberg lass  s h e e t s .  Cord t e n s i o n  
t i e s  connec ted  t o  t h e  f a c i n g  shee ts  h o l d  t h e  i n s u l a t i o n  b l a n k e t  
t o g e t h e r  w h i l e  t h e  a l t e r n a t i n g  foam shee ts  m a i n t a i n  t h e  mylar  f i l m  
s p a c i n g .  Design c o n d u c t i v i t y  o f  t h e  i n s u l a t i o n  b l a n k e t  i s  5 x 
Btu /h r  f t 2  O R .  

b a r r i e r  t y p e  h i g h  per formance  i n s u l a t i o n  i s  dependent  upon an  
i n t e r n a l  vacuum t o  l i m i t  t h e  gas conduc t ion  hea t  t r a n s f e r  mode. 
T h i s  vacuum i s  ach ieved  by  v e n t i n g  t h e  i n s u l a t i o n  t o  t h e  l o c a l  
s p a c e  envi ronment  th rough  b o t h  t h e  t e n s i o n  t i e  h o l e s  and t h e  edge 

A d r y  N 2  gas p r e l a u n c h  pu rge  of t h e  i n s u l a t i o n  s y s t e m  i s  r e q u i r e d  
t o  minimize i n t e r n a l  m o i s t u r e  w i t h i n  t h e  b l a n k e t .  
man i fo lded  p e r f o r a t e d  aluminum t u b e s  a t t a c h e d  t o  t h e  o u t e r  s u r f a c e  
o f  t h e  MDA P r e s s u r e  s h e l l  r o u t e s  t h e  d ry  p u r g i n g  g a s  under  each  
i n s t a l l e d  i n s u l a t i n g  b l a n k e t .  S i g n i f i c a n t  i n c r e a s e s  i n  c o n d u c t i v i t y  
are e x p e r i e n c e d  w i t h  t h i s  t y p e  of  i n s u l a t i o n  under  c o n d i t i o n s  o f  
i n c r e a s i n g  t e m p e r a t u r e ,  i n c r e a s i n g  i n t e r n a l  p r e s s u r e  and b l a n k e t  
t h i c k n e s s  compression.  I n s u l a t i o n  i n s t a l l a t i o n  w i l l  b e  accompl ished  
by u t i l i z i n g  r e c t a n g u l a r  p a n e l s  approx ima te ly  2 .5  f t  x 7 . 0  f t .  which 
are bonded to t h e  MDA p r e s s u r e  s h e l l  and t h e n  laced  t o g e t h e r  a t  t h e  
edges  w i t h  ny lon  co rd .  I n d i v i d u a l  b u t t  j o i n t s  between p a n e l  s eg -  
ments are formed b y  compression o f  t he  s l i g h t l y  o v e r s i z e  s p a c e r  
foam s h e e t s  a t  t h e  b l a n k e t  edges .  J o i n t  d e s i g n  r e q u i r e s  s l i g h t  
compress ion  of t h e  foam w i t h  no c o n t a c t  between the  m u l t i p l e  
a l u m i n i z e d  m y l a r  shee ts  o f  a d j a c e n t  b l a n k e t s .  F i g u r e  I11 shows 
t h e  d e t a i l s  of  t h e  i n s u l a t i o n  a t tachment  and m e t e o r o i d  s h i e l d  
c o n n e c t i o n  to the MDA p r e s s u r e  s h e l l .  

The ex t r eme ly  low c o n d u c t i v i t y  of  t h i s  r a d i a t i o n  

hi- i t t  joints and f i n z l l j :  t h rough  the porous  o u t e r  f a c i n g  s h e e t .  

A sys tem o f  

Attachment o f  t h e  i n s u l a t i o n  b l a n k e t s  t o  t h e  o u t e r  
s u r f a c e  o f  t h e  MDA p r e s s u r e  s h e l l  p r e s e n t s  p o t e n t i a l  d e s i g n  
and i n s t a l l a t i o n  problems f o r  t he  f o l l o w i n g  r e a s o n s :  

. The b l a n k e t  s i z e  ( 2 . 5  f t  x 7 .0  f t )  i s  small  compared 
w i t h  t h e  t o t a l  a r e a  t o  be  i n s u l a t e d ,  t h u s  r e q u i r i n g  
many i n d i v i d u a l  adhes ive  bonding  o p e r a t i o n s  and many 
l i n e a r  f e e t  of t o t a l  j o i n t  l e n g t h .  

. The i n s t a l l a t i o n  must p r o v i d e  f o r  r a p i d  decompress ion  
o f  t h e  b l a n k e t  when exposed t o  t h e  l o c a l  vacuum s p a c e  
envi ronment .  
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. Blanke t  i n s t a l l a t i o n  p rocedure  may cause  a t h i c k n e s s  
compress ion  w i t h  a n  a t t e n d a n t  i n c r e a s e  i n  t h e r m a l  
c o n d u c t i v i t y .  

. The i n s u l a t i o n  b l a n k e t s  must be  a c c u r a t e l y  trimmed 
and f i t t e d  a round t h e  many r e q u i r e d  p r o t u b e r a n t  
s t r u c t u r a l  e l e m e n t s .  

. The i n d i v i d u a l  b l a n k e t s  must b e  bonded t o  t h e  l anded  
o u t e r  p r e s s u r e  s h e l l  ove r  t h e  purge  gas t u b e s .  The 
bonding  of  a d j a c e n t  b l a n k e t s  must a l l o w  s l i g h t  edge 
compression o f  foam sheets b u t  no c o n t a c t  o f  my la r  
f i l m  f o r  minimum p a r a l l e l  hea t  f l o w .  S i n c e  t h e  
b l a n k e t s  are r e l a t i v e l y  s o f t ,  p r e c i s e  gaug ing  by 
t o o l i n g  w i l l  b e  d i f f i c u l t .  M a i n t a i n i n g  t h e  r e q u i s i t e  
optimum l o c a t i o n  o f  a d j a c e n t  i n s u l a t i o n  b l a n k e t s  w i l l  
be  a d i f f i c u l t  problem w i t h  many p r o c e s s  v a r i a b l e s .  

Fenetrat ioi- ,s  of the b a s i c  i r i s u l 2 t i o n  b iznlcet proyjide 
major  p a t h s  f o r  hea t  t r a n s f e r  s i n c e  t h e  e x t r e m e l y  low c o n d u c t i v i t y  
b l a n k e t s  must b e  trimmed to conform t o  t h e  geometry o f  t h e  pro-  
t r u s i o n .  D i s c o n t i n u i t i e s  and p e n e t r a t i o n s  deg rade  t h e  thermal  
per formance  o f  t h e  h i g h l y  a n i s o t r o p i c  m u l t i - l a m i n a r  i n s u l a t i o n  
s y s t e m s .  Three docking p o r t s ,  two windows, v e n t  l i n e s ,  e l e c t r i c a l  
f e e d  t h r o u g h  c o n n e c t i o n s ,  and hundreds of  s t r u c t u r a l  connec t ions  
f o r  t h e  r a d i a t o r  and m e t e o r o i d  s h i e l d  p e n e t r a t e  t h e  h i g h  per formance  
r a d i a t i o n  ba r r i e r  i n s u l a t i o n .  These components p r o v i d e  t h e  areas 
o f  ma jo r  hea t  loss i n  t h e  MDA s t r u c t u r e .  Heat l o s s e s  f o r  t h e  
docking  p o r t s  and windows a re  . reduced b y  use  o f  removable 
i n s u l a t i n g  c o v e r s .  F i b e r g l a s s  s t r u c t u r a l  members a re  used  t o  
l i m i t  heat  t r a n s f e r  between t h e  welded tabs  on t h e  MDA p r e s s u r e  
s h e l l  and t h e  connec t ions  on t h e  r a d i a t o r  and m e t e o r o i d  s h i e l d .  

The complex n a t u r e  of t h e  r e q u i r e d  t h r e e  d imens iona l  t h e r m a l  
a n a l y s i s  f o r  t hese  p e n e t r a t i o n s  r e n d e r s  even t h e  most a s s i d u o u s l y  pe r -  
formed computer aided a n a l y s i s  a f i r s t  approx ima t ion .  TV* module t e s t -  
i n g  i s  b e i n g  used  t o  v e r i f y  t h e  i n s u l a t i o n  & p e n e t r a t i o n  a n a l y s i s .  
f u l l  s c a l e  MDA-AM i n t e g r a t e d  T V - t e s t  cou ld  e s t ab l i sh  t h e  o v e r a l l  capa- 

A 

. b i l i t y  o f  t h e  combined ECS and thermal c o n t r o l  s y s t e m s .  
RADIATOR 

The l a t e r a l  s u r f a c e  o f  t h e  i n s u l a t e d  MDA c y l i n d e r  between 
t h e  STS a t t achmen t  f a c e  and t h e  t r a n s v e r s e  docking  p o r t s  i s  covered  
w i t h  a c y l i n d r i c a l  ECS r a d i a t o r  t h a t  p r o v i d e s  t h e  major  p o r t i o n  of 
t h e  a v a i l a b l e  r a d i a t o r  s u r f a c e  of t h e  MDA-AM-OWS o r b i t a l  assembly.  
T h i s  r a d i a t o r , w h i c h  c o n s i s t s  of pr imary  and secondary  loops  i s o l a t e d  
from each  o t h e r ,  a l s o  f u n c t i o n s  as a me teo ro id  s h i e l d .  A s i m i l a r  
r a d i a t o r  o f  reduced  c y l i n d r i c a l  h e i g h t  i s  a t t a c h e d  t o  t h e  AM a d j a c e n t  
t o  t h e  MDA r a d i a t o r  a t  t h e  MDA-AM i n t e r f a c e .  P r i m a r y  and secondary  
e l emen t s  of  t h e  MDA and AM r a d i a t o r s  a r e  connec ted  t o g e t h e r .  Heat 

* 
Thermal vacuum. 
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r e j e c t i o n  c a p a b i l i t y  o f  t h e  MDA r a d i a t o r  w h i l e  i n  a shadow i s  
10,780 B tu /h r  and w h i l e  i n  t h e  sun  i s  8 ,400  Btu /hr .  
r a d i a t o r  c o o l a n t  f l u i d  i s  MMS 6 0 2  (Monsanto No. 1 5 ) .  R a d i a t o r  
s i z i n g  and thermal c h a r a c t e r i s t i c s  a r e  based upon heat r e j e c t i o n  
r e q u i r e m e n t s  d u r i n g  o r b i t a l  o r i e n t a t i o n s  o f  maximum h e a t i n g  a t  
which t i m e  t h e  r a d i a t o r  i s  l e a s t  e f f i c i e n t .  White p a i n t  ( a / € =  
0.2/0.875) a p p l i e d  to t he  r a d i a t o r  o u t s i d e  s u r f a c e  y i e l d s  t h e  
des i r ed  heat r e j e c t i o n  c h a r a c t e r i s t i c s .  

The 

R a d i a t o r  s t and-o f f  a n n u l a r  d i s t a n c e  measured from t h e  
MDA p r e s s u r e  s h e l l  O . D .  t o  r a d i a t o r  c y l i n d e r  O . D .  i s  approx ima te ly  
2 .65  i n .  The r a d i a t o r  c y l i n d r i c a l  s h e l l  i s  f a b r i c a t e d  from 0 .032  
i n .  t h i c k  magnesium a l l o y  s h e e t  w i t h  t u b u l a r  f l u i d  l i n e s  a t t a c h e d  
to t h e  u n d e r s u r f a c e .  R a d i a t o r  and me teo ro id  s h i e l d  s t r u c t u r a l  
a t t a c h m e n t  i s  p r o v i d e d  by c i r c u m f e r e n t i a l  f l a n g e s  and aluminum 
tabs welded to t h e  l o c a l l y  th i ckened  MDA p r e s s u r e  s h e l l .  F i b e r -  
glass thermal  s t a n d o f f s  connect  t h e  r a d i a t o r  t o  t h e  p r e s s u r e  
s h e l l  s t r u c t u r e .  

The MDA c o n i c a l  s u r f a c e  and t h a t  p o r t i o n  o f  t h e  c y l i n -  
d r i c a l  s u r f a c e  n o t  covered  by t h e  r a d i a t o r  are  covered b y  a 
me teo ro id  s h i e l d .  Stand-off  d i s t a n c e  o f  t h e  meteoro id  s h i e l d  
i s  approx ima te ly  t h e  same as t h a t  o f  t h e  r a d i a t o r .  T h i s  s h i e l d  
i s  f a b r i c a t e d  from 0 . 0 2  i n .  t h i c k  2024 T 3  Aluminum a l l o y  and i s  
a t t a c h e d  t o  t h e  p r e s s u r e  s h e l l  by f i b e r g l a s s  thermal s t a n d o f f s  
i n  a manner similar t o  t h e  connec t ions  of t h e  r a d i a t o r .  

THERMAL C O A T I N G  

I n  an  i n e r t i a l l y  o r i e n t e d  s p a c e c r a f t  w i t h  p a s s i v e  thermal 
c o n t r o l ,  t h e  e q u i l i b r i u m  t empera tu re  i s  e s t a b l i s h e d  b y  s e l e c t i o n  of 
c o a t i n g s *  w i t h  a p p r o p r i a t e  a b s o r p t i v i t y / e m i s s i v i t y  ( a / € )  r a t i o s  and 
t h e i r  areas o f  a p p l i c a t i o n .  P a s s i v e  c o n t r o l  of heat  r e j e c t e d  th rough  
t h e  MDA c y l i n d e r  i s  ach ieved  b y  s e l e c t i o n  o f  o u t e r  and i n n e r  s u r f a c e  
c o a t i n g s  o f  me teo ro id  s h i e l d  and o u t e r  c o a t i n g  of c y l i n d e r  
i n s u l a t i o n .  Black p a i n t  ( a / &  = .95 / .86)  i s  a p p l i e d  to t h e  out -  
s i d e  s u r f a c e  o f  t h e  me teo ro id  s h i e l d .  L o w  e m i s s i v i t y  c o a t i n g s  

. ( e  0 . 0 5 )  are  a p p l i e d  t o  t h e  i n s i d e  s u r f a c e s  of t h e  me teo ro id  s h i e l d  
and r a d i a t o r  and o u t s i d e  s u r f a c e  of t h e  MDA c y l i n d e r  i n s u l a t i o n .  
Low e m i s s i v i t y  c o a t i n g s  on b o t h  s u r f a c e s  of t h e  a n n u l a r  volume 
between t h e  i n s u l a t i o n  O . D .  and me teo ro id  s h i e l d  and r a d i a t o r  I . D .  
l i m i t  t h e  a b s o r p t i o n  or r e j e c t i o n  of hea t  b y  r a d i a t i o n  i n  a manner 
similar t o  a s i l v e r e d  vacuum f l a s k .  The s e n s i t i v i t y  of t he  MDA t o  
t h e  e x t e r n a l  environment  i s  t h u s  g r e a t l y  r educed .  

*For a s i n g l e  c o a t i n g  t h e  e q u i l i b r i u m  t empera tu re  i s  'L ( a / ~ )  1 / 4  
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S t a b i l i t y  O f  t h e  s p e c t r a l  p r o p e r t i e s  o f  t h e r m a l  
c o a t i n g s  i s  a n  i m p o r t a n t  c o n s i d e r a t i o n  i n  any s p a c e c r a f t  which 
employs p a s s i v e  or semi-pass ive  thermal  c o n t r o l .  D e g r a d a t i o n  
( i n c r e a s e )  of c o a t i n g  a b s o r p t i v i t y  from l o n g  t i m e  exposure  to 
t h e  u l t r a v i o l e t  s p a c e  environment  has caused  s i g n i f i c a n t  tempera-  
t u r e  i n c r e a s e s  i n  p r e v i o u s  s p a c e c r a f t .  Some s t a b l e  low a b s o r p t i -  
v i t y  w h i t e  p a i n t s  u sed  i n  space  a p p l i c a t i o n s  w i l l  e x p e r i e n c e  
a p p r o x i m a t e l y  20% d e g r a d a t i o n  i n  a b s o r p t i v i t y  d u r i n g  m i s s i o n s  o f  
AAP O r b i t a l  Assembly d u r a t i o n .  I f  a p a s s i v e  s p a c e c r a f t  u t i l i z e s  
p a i n t  o f  a b s o r p t i v i t y  0.20 and a 2 0 %  c o a t i n g  d g g r a d a t i o n  o c c u r s ,  
t h e  c o r r e s p o n d i n g  t e m p e r g t u r e  i n c r e a s e  to a 70  F d e s i g n  t e m p e r a t u r e  
w i l l  b e  approx ima te ly  26 F.  F o r  a l e s se r  p e r c e n t a g e  d e g r a d a t i o n ,  
t h e  t e m p e r a t u r e  i n c r e a s e  w i l l  be  p r o p o r t i o n a l  to t h e  i n c r e a s e  
i n  a b s o r p t i v i t y .  

To e n s u r e  t h a t  con tamina t ion  o f  exper iment  da ta  does 
not o c c u r ,  thermal  c o a t i n g s  m u s t  b e  e v a l u a t e d  f o r  p o s s i b l e  
vacuum o u t g a s s i n g .  P a i n t s  a r e  a l s o  d i f f i c u i t  to app ly  r e p r o -  
d u c i b l y  and t h i s  problem, o f  cou r se ,  i n c r e a s e s  i n  p r o p o r t i o n  
L ~u t h e  s u ~ ~ f a c e  area to b e  coated, m' --- int.l.lllal cdatings can  also 
be con tamina ted  d u r i n g  t h e  launch  phase .  T h i s  e f f e c t  on t h e  
MDA and AM shou ld  be  minimized b y  t h e  p r o t e c t i o n  p rov ided  by 
t h e  j e t t i s o n a b l e  aerodynamic shroud.  
envi ronment  on t h e r m a l  c o a t i n g s  i s  one o f  t h e  A A P  expe r imen t s  
( M 4 1 5 ) .  
a l s o  p o s s i b l e .  
DUCTS 

The e f f e c t s  of  l aunch  phase  

Coa t ing  c o n t a m i n a t i o n  d u r i n g  assembly  and h a n d l i n g  i s  

Atmosphere c i r c u l a t i o n  w i t h i n  t h e  MDA b y  t h e  AM ECS 
i s  accompl i shed  th rough  three  6- inch d i a .  d u c t s  ( 1 5 0  cfm/duct)  
and one 4-inch d i a .  d u c t .  Condi t ioned  a tmosphe r i c  gas  from 
each  o f  t h e  STS c a b i n  h e a t  exchangers  i s  d i r e c t e d  th rough  a 
6- inch  diameter d u c t .  The 4-inch d i a .  d u c t  i s  a l s o  u t i l i z e d  
f o r  d r y i n g  t h e  s t o r e d  a s t r o n a u t  EVA s u i t .  
t h i s  d u c t  p a s s e s  e i t h e r  through t h e  L i O H  c a n i s t e r  o r  t h e  mole- 
c u l a r  s i e v e  f o r  C02 removal .  These  f o u r  d u c t s  d i s c h a r g e  sc rubbed  
c o n d i t i o n e d  a tmosphe r i c  gas i n t o  t h e  MDA n e a r  t h e  forward  ( c o n i c a l )  
end.  Two a d d i t i o n a l  6- inch d i a .  f l e x i b l e  e x h a u s t  d u c t s ,  one f o r  
t h e  a x i a l  p o r t  and t h e  o t h e r  f o r  e i t h e r  r a d i a l  p o r t ,  p r o v i d e  
a tmosphere  c i r c u l a t i o n  f o r  docked modules .  These two d u c t s  
t e r m i n a t e  n e a r  t h e  MDA-AM i n t e r f a c e  and a re  open t o  t h e  l o c a l  
i n t e r n a l  a tmosphere  a t  t h i s  l o c a t i o n .  Makeup a tmosphe r i c  gas 
t o  r e p l a c e  t ha t  l o s t  by l eakage  and  crew consumption i s  s u p p l i e d  
t h r o u g h  t h e  CM N 2  and 02 r e g u l a t o r s .  

FANS 

The atmosphere f o r  

E i g h t  Gemini-type two-speed p o s t  l a n d i n g  v e n t i l a t i o n  
f a n s  p r o v i d e  a maximum MDA atmosphere c i r c u l a t i o n  c a p a b i l i t y  
of a p p r o x i m a t e l y  700  cfm. 
dock ing  p o r t  d u c t s  i n c l u d e  m u f f l e r s ,  h a n d l e s  and q u i c k  d i s c o n n e c t s .  

Fan assemblies f o r  t h e  two d rag  i n  
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Atmospher ic  f low r a t e  from fan o p e r a t i o n  i s  a f u n c t i o n  o f  t h e  
i n t e r n a l  t e m p e r a t u r e  and p r e s s u r e  and supp ly  v o l t a g e .  S i x  of  
t h e  f a n s  are  mounted i n  t h e  supp ly  ends of  t h e  d u c t s  l i s t e d  i n  
t h e  p r e v i o u s  pa rag raph .  The o t h e r  two f a n s  a r e  n o t  mounted i n  
d u c t s  and  are a t  t h e  c o n i c a l  head of t he  MDA c l o s e  t o  t h e  d i s -  
c h a r g e  ends  of t h e  t h r e e  6-inch d i a .  d u c t s .  The f a n s  f o r  t h e  
t h r e e  6- inch  d i a .  d u c t s  a r e  each mounted i n  t h e  STS a d j a c e n t  t o  
a c a b i n  heat exchange r .  T h e  f a n  f o r  t h e  s u i t  d r y i n g  d u c t  i s  a l s o  
i n  t h e  ST:. T y p i c a l  f low r a t e s  for h i g h  and low s p e e d  f a n  opera-  
t i o n  @ 70 F are 150 and 1 0 0  cfm. 

HEATERS 

Heaters are r e q u i r e d  t o  i n c r e a s e  t h e  p r e s s u r e  s h e l l  
t e m p e r a t u r e s  p r i o r  t o  a c t l v a t i o n  of t h e  MDA a f t e r  o r b i t a l  s t o r a g e .  
L o n g i t u d i n a l  e l e c t r i c  s t r i p  h e a t e r s  w i l l  b e  p r o v i d e d  a t  e i g h t  
e v e n l y  spaced  c i r c u m f e r e n t i a l  l o c a t i o n s  on t h e  i n s i d e  s u r f a c e  of 
t h e  MDA p r e s s u r e  s h e l l .  Two 20 w a t t  hea t e r s  w i l l  b e  bonded to t h e  
wall a t  each of t h e  8 l o c a t i o n s  and ex tend  t h e  f u l l  l e n g t h  o f  t h e  
MDA c y l i n d e r .  
command w i t h  a crew o v e r r i d e  p r o v i s i o n .  T h e r m o s t a t i c a l l y  c o n t r o l l e d  
s u r f a c e  hea te r s  of t h e  same t y p e  w i l l  b e  p r o v i d e d . a s  r e q u i r e d ,  

C o n t r o l  o f  t h e s e  I6 h e a t e x  w l i l l  5 e  by grsund 

around t h e  p e r i p h e r y  o f  windows, docking  ports an2 o t h e r  penetrations 
o f  t h e  b a s i c  i n s u l a t i o n  shell. 
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